The population structure of five Fennoscandian geographic populations of the endangered wood-decay fungus Phellinus nigrolimitatus (Romell) Bourdot et Galzin was examined by analyses of nuclear ribosomal DNA (nrDNA) spacer sequences (ITS and IGS1) and a partial sequence of the elongation factor 1α gene (efa). A high level of sequence variation was observed in ITS and IGS1, suggesting restrictions in nrDNA homogenization in this taxon. Six polymerase chain reaction -restriction fragment length polymorphism (PCR-RFLP) markers, five located in nrDNA and one in efa, suggest that the geographic populations are genetically very similar, presumably owing to recent gene flow. However, linkage disequilibria were obtained in 50% of the cases in tests between the five nrDNA PCR-RFLP markers. The calculated F ST values from the linked nrDNA markers and the unlinked efa marker were congruent, ranging from 0.006 to 0.042. In one geographic population, the efa locus showed significant deviation from HardyWeinberg expectations. Somatic incompatibility tests demonstrated that isolates derived from different basidiocarps and different logs belonged to different genets. In a microscale study including three logs, the independent assays of PCR-RFLP analysis and somatic incompatibility tests distinguished 10 genets. Life history traits and conservation status of P. nigrolimitatus are discussed in light of the results.
Introduction
The structure of fungal populations varies extensively. For example, a single plant leaf may be colonized by several fungal genets (Boeger et al. 1993) , a single Armillaria genet may occupy an entire woodland (Smith et al. 1992) , and Sclerotinia clones may be distributed over entire continents (Kohli et al. 1992) . A combination of many factors contribute to an unpredictable population structure in fungi. Asexual and sexual spore dispersal in space and time, as well as vegetative spread, may lead to different spatially structured populations. Other important factors are mating system and various life history traits.
On a local scale, population structure in saprotrophic basidiomycetes has traditionally been mapped by somatic incompatibility tests (Worrall 1997) . Several studies have revealed that a high number of genets may occupy a single substrate unit (e.g., Boddy and Rayner 1982; Kay and Vilgalys 1992; Holmer et al. 1994) . Recently, molecular markers have been applied in the study of genetic structure and kinship between genets and populations. In Heterobasidion annosum (Fr.) Bref, a genetic separation between different intersterility groups was found using RAMS (Vainio and Hantula 1999) and RAPD markers . By using RAMS markers, a considerable degree of differentiation was found between European and North American populations of Phlebiopsis gigantea (Fr.) Jül., contrasting the low level of differentiation observed between European populations (Vainio and Hantula 2000) . In Fomitopsis rosea (Alb. et Schw. Fr.) Karst., RAPD markers and F statistics indicated a deficit in heterozygotes and limited gene flow in North European populations . On the contrary, in Fomitopsis pinicola (Swartz: Fr.) Karst., genetic differentiation at the population level was not observed between North European populations .
Over the last centuries, the Fennoscandian boreal forests have experienced extensive structural changes and fragmentation as a result of modern forestry management. Logging activities have resulted in a significant loss of in situ woody debris, and many fungi associated with wood are becoming increasingly rare (Berg et al. 1995) . One such species is Phellinus nigrolimitatus (Romell) Bourdot et Galzin, a northern circumboreal polypore with restricted niche requirements (Ryvarden and Gilbertson 1993) . It is recognized that P. nigrolimitatus is negatively influenced by modern forestry practices (Bader et al. 1995) . In Fennoscandia, the species is almost exclusively found in old-growth forests, where it grows on large, well-decayed, coniferous logs, a habitat becoming more scarce. Phellinus nigrolimitatus has also been used as a bioindicator of old-growth forests in Scandinavian forest inventories. The species is presently categorized as a care-demanding fungus in need of protection in the National Red Lists of the Scandinavian countries (Bendiksen et al. 1997; Larsson 1997) .
Little information is available on the potential effects of a shrinking habitat on wood-inhabiting fungi; however, it is assumed that this may have adverse effects on the genetic structure and diversity of the remaining populations. Fragmentation, decimation, and isolation of old-growth forest habitats may limit the level of gene exchange among viable populations. Reduced population size increases the risk of inbreeding. In Fomitopsis rosea, it was hypothesized that inbreeding in remnant Scandinavian populations has caused a reduction in spore germination ability (Högberg et al. 1998) . Furthermore, there exists little knowledge about the individuality of wood-inhabiting basidiomycetes, i.e., the distribution of ramets versus genets and how many genets may exist in single logs. Multiple infections have been observed in several studies (Holmer et al. 1994; Kay and Vilgalys 1992; Garbelotto et al. 1999) . A prospective management of P. nigrolimitatus and other wood-inhabiting fungi depends on a better understanding of population structure and basic life history traits of the fungus, e.g., the capacity for dispersal.
In a previous study, we found molecular support for an outcrossing reproductive mode occurring in P. nigrolimitatus (Kauserud and Schumacher 2001) . In the present work, the population structure at various spatial scales is assessed via codominant polymerase chain reaction -restriction fragment length polymorphism (PCR-RFLP) markers and somatic incompatibility tests. Two different loci, the nuclear ribosomal DNA (nrDNA) spacer sequences (ITS and IGS1) and a partial sequence of the elongation factor 1α gene (efa), are investigated. Our aims were to (i) investigate whether any genetic differentiation is apparent among the investigated geographic populations (which reflects the level of gene flow), (ii) examine the genetic equilibrium in the various geographic populations (i.e., whether inbreeding occurs), and (iii) examine the small-scale distribution of genets in single logs. The population structure was investigated on a regional scale in five geographic populations distributed throughout Fennoscandia. In addition, we examined the small-scale distribution of genets in three single logs in one locality.
Materials and methods

Sample
A total of 106 P. nigrolimitatus isolates were sampled on different logs of Norway spruce (Picea abies (L.) Karst.) in five geographically separated coniferous forests in Fennoscandia ( Fig. 1 ; Table 1 ). In addition, three logs were selected for a study on the microscale level in the Skotjernfjell population. Samples were taken from all basidiocarps and from the outer wood scattered along the three logs. Forty-two cultures from basidiocarps and mycelia emanating from wood samples were grown on 2% potato dextrose agar (PDA) (Difco Laboratories, Detroit, Mich.) at 25°C in darkness. Single spore cultures were established by attaching a section of the hymenium to the inside of a Petri dish and letting spores discharge on agar overnight. Germinating spores were sampled under a dissecting microscope and reinoculated on nutrient media (PDA) in Petri plates. DNAs from 10 single spore cultures (homokaryons) derived from eight selected fruit bodies were sequenced (see below).
Somatic incompatibility tests
Somatic incompatibility tests were carried out by placing two inocula 1 cm apart on 9-cm Petri plates (2% PDA), incubated at 25°C, and examined after 4-5 weeks. Fifteen isolates derived from fruit bodies on different logs in the Skotjernfjell locality were paired in all combinations in Petri dishes (105 confrontations). Forty-two isolates from three selected logs were also submitted to somatic incompatibility analysis.
Molecular methods
DNA was extracted using the CTAB miniprep method (Murray and Thompson 1980) with minor modifications: DNA was resuspended in 100 µL of filter-sterilized water at the final step of extraction and diluted 50-to 100-fold before PCR amplification. The ITS and IGS1 regions of nrDNA were amplified using the universal primer pair ITS4/ITS5 (White et al. 1990 ) and CNL12/5SA (Anderson and Stasovski 1992; White et al. 1990 ). The partial efa sequence was amplified by the primer pair EF595F (CGTGACTTCATCAAGAACATG) and EF1160R (CCGATCTTGTAGACGTCCTG) (Kauserud and Schumacher 2001) . PCR was performed in 50-µL reactions containing 29.5 µL of diluted DNA, 20.5 µL of reaction mix (200 µmol dNTPs/L, 0.5 µmol each primer/L, 2.5 mmol MgCl 2 /L), and 0.35 unit of Taq ® polymerase (Advanced Biotechnologies, Surrey, U.K.) on a GeneAmp ® PCR System 2400 (PerkinElmer) or a Genius Operator (Techne). The thermal profile of the ITS amplification started with a denaturation step for 4 min at 94°C followed by 36 cycles of 40 s of denaturation at 94°C, 40 s of annealing at 54°C, extension at 72°C for 45 s, and a final extension step at 72°C for 10 min before storage (4°C). Similar thermal profiles were used in amplifying IGS1 and efa, except that the annealing was optimalized to 40 s at 50°C (IGS1) and 54°C (efa).
ITS PCR products of 10 single spore isolates (homokaryons) from eight basidiocarps were sequenced manually using ITS4 and ITS5 (White et al. 1990 ) as sequencing primers, employing the ThermoSequenase radiolabeled terminator cycle sequencing kit (Amersham Pharmacia Biotech Inc., Cleveland, Ohio) and [α- 33 P]ddNTPs. The IGS1 and efa PCR products of seven single spore isolates (from seven and six basidiocarps) were sequenced with CNL12/5SA and EF595F/EF1160R as sequencing primers. All sequences are accessioned in the EMBL nucleotide database (AJ289618-AJ289627 for the ITS sequences, AJ289611-AJ289617 for the IGS1 sequences, and AJ299070-AJ299076 for the seven efa sequences). A subset of the sequences is published in Kauserud and Schumacher (2001) .
In a pilot study, we found that restriction of the ITS region by the endonucleases HaeIII and HinfI and restriction of the partial efa sequence with HinfI resulted in codominant polymorphic restriction patterns and that the markers segregated among single spore progenies (Kauserud and Schumacher 2001) . In this study, we developed additional codominant PCR-RFLP markers by a priori locating restriction enzymes within the variable locations of ITS and IGS1 using the program Webcutter 2.0 (Heiman 1997) . In addition to HaeIII and HinfI, the restriction enzymes SacII and BsaoI gave polymorphism in the ITS sequences and StyI and HpaII in the IGS1 sequences. The HinfI, SacII, and BsaoI restriction sites were located in ITS1, and the HaeIII restriction site was located in ITS2. Restriction with HpaII gave ambiguous RFLP patterns in some isolates (due to multiple cuttings), and these data were only used to separate genets in the microscale study. For restriction analysis, a 10-µL aliquot of PCR product was digested in a 25-µL volume containing 16.5 µL of water, 2.5 µL of buffer, and 0.5 µL of enzyme. The endonucleases were used following the manufacturers' instructions (Promega, Madison, Wis. and New England Biolabs, Beverly, Mass.). The restriction products were separated on a 2% agarose gel stained with ethidium bromide and using 0.5× TBE or 1.0× TAE as a running buffer. Results were recorded by photographing the gels over a UV transilluminator.
Statistical analysis
The data for population genetic analyses included 106 isolates sampled from different logs ( Table 1 ). The F statistics (Wright 1965) , observed and expected heterozygosity (Levene 1949) , expected genotype frequencies under random mating using the algorithm by Levene (1949) , χ 2 tests for Hardy-Weinberg equilibrium, and tests for homogeneity of allele frequency distributions across the geographic populations (by constructing two-way contingency tables) were calculated in POPGENE ver. 1.32 (Yeh et al. 1997) . Tests for linkage disequilibrium between pairs of restriction site loci were calculated in Arlequin ver. 2.0 (Schneider et al. 2000) using the approach given by Slatkin and Excoffier (1996) with 1000 permutations. EstimateS (Colwell 1997 ) was used to calculate accumulation curves of richness of genets within the three selected logs. One thousand randomized runs were performed on each data set.
Results
DNA markers
Separate amplification of the ITS, IGS1, and partial efa sequences from all isolates produced uniform fragments of approximately 730 (ITS), 490 (IGS1), and 510 (efa) base pairs, respectively. Sequence analyses revealed 20 variable positions in ITS1 and ITS2 (10 isolates), 14 variable positions in IGS1 (seven single spore isolates), and five variable positions in the partial efa sequence (seven single spore isolates) (Table 2) . ITS, IGS1, and efa amplicons from all isolates were submitted to PCR-RFLP analyses, and homo-and heterozygotes for the presence of restriction site polymorphisms were scored (Fig. 2) . 
Population genetic analyses
All six restriction enzymes yielded RFLPs in the different geographic populations. Among all isolates analysed (n = 106), 47 PCR-RFLP multilocus genotypes were identified across all geographic populations. A high number of PCR-RFLP genotypes were found in each geographic population, ranging from 10 in the Lammi population (n = 15) to 28 in the Skotjernfjell population (n = 36) (Fig. 3) . Tests for random association of alleles within each analysed restriction site showed no significant departures from Hardy-Weinberg equilibrium, either in the total material or in the single populations (χ 2 tests, p < 0.05) (Table 3) , with the exception of the efa locus of the Lammi population, where a marked heterozygote deficit occurred (p = 0.05). In the five geographic populations, 19 restriction sites had heterozygote excesses and 11 restriction sites heterozygote deficits (Table 3). In four out of the five nrDNA restriction sites (HinfI, SacII, BsaoI, and StyI) , overall heterozygote excesses occurred, while the last nrDNA restriction site (HaeIII) and the efa locus possessed heterozygote deficits (Table 4) . Calculated F ST values for the six restriction sites ranged from 0.006 (StyI) to 0.042 (HaeIII), suggesting little population subdivision (Table 4) . Largely congruent results were ob- PnLi9.1
PnLi9.1 tained from the nrDNA markers (mean F ST = 0.017) and the efa locus (F ST = 0.024). In tests for homogeneity of the allele frequency distributions (χ 2 tests), no significant departures from the null hypothesis of an even distribution were found (Fig. 4) . In tests for linkage disequilibrium between pairs of restriction sites, the nrDNA restriction sites (HaeIII, HinfI, SacII, BsaoI, and StyI) were linked in 50% of the runs, when each population was analysed separately. Linkage disequilibrium was observed in all different combinations of the nrDNA restriction sites. Linkage disequilibrium was nonexistent between the efa locus and the nrDNA restriction sites.
Somatic incompatibility
In somatic incompatibility tests of 15 isolates from the Skotjernfjell area, 104 out of 105 confrontations were ex- plicitly incompatible. In one plate, the results were obscured due to reduced mycelial growth.
Small-scale analysis
Out of 42 established heterokaryotic isolates, somatic incompatibility analyses revealed four, three, and three genets within the three selected logs, respectively (Fig. 5) . One genet (No. VII) was found solely vegetatively in the substrate, while nine genets produced from one and up to three basidiocarps. One genet (No. V) produced three fruit bodies, four genets two fruit bodies, and four genets a single fruit body. The most widespread genet (No. V) was found over a distance of 2.3 m in the substrate. The 42 isolates, representing 10 genets, were subjected to PCR-RFLP analyses. All 10 genets were separated in the analyses by possessing unique PCR-RFLP multilocus patterns, and all isolates of the same genet showed similar PCR-RFLP patterns when cut with HaeIII, HinfI, SacII, and BsaoI (ITS), StyI and HpaII (IGS1), and HinfI (efa) (Fig. 6 ). All genets, except one from fruit body No. X, were heterozygous in one or several restriction sites. Plots of cumulative richness of genets within the three logs plotted against sampling effort (number of isolates) indicated that a few remaining genets may have escaped our sampling (Fig. 7 ). An intriguing observation was that isolates of P. nigrolimitatus belonging to the same genet showed very similar axenic culture morphology, while different genets showed dissimilar morphologies. We were able, a posteriori, to delimit most of the genets only by cultural characteristics.
Discussion
Although a restricted number of independent loci (nrDNA and efa) were used in this study, the results suggest that the geographically separated populations of P. nigrolimitatus share very similar genetic profiles, indicating that the geographic populations are not evolving independently and possibly represent a single mating population. The calculated F ST values for the nrDNA restriction sites and the efa locus were largely congruent. However, larger sample sizes and more independent loci are necessary to make a definite conclusion in this matter.
A variety of factors, e.g., gene flow, mating system, and genetic drift, act simultaneously in structuring populations. In addition, the natural history of the populations is of crucial importance. Fennoscandia has recovered its flora and fauna in a period of approximately 10 000 years after the last ice age, and the principal substrate for P. nigrolimitatus in the area, viz. Norway spruce, has colonized the area during the last 5500 years (Hafsten 1991) . The current Fennoscandian population(s) of P. nigrolimitatus may have been established on a broad front as one mating population or during independent founder events. Establishment of populations by multiple founder events is expected to cause genetic differentiation by genetic drift, while a massive invasion of a single large mating population is expected to cause a more homogeneous genetic structure. When populations are small and isolated, genetic drift may change frequencies of neutral alleles within a few generations. Large population size and extensive gene flow counteract genetic differentiation, which seems to be the case in P. nigrolimitatus.
Dispersal via basidiospores may promote the spread of genes and genotypes throughout a large geographical area and may have profound consequences for fungal population structure. Although dispersal ability may vary largely among taxa, a major trend is that widespread populations of basidiomycetes are mostly genetically uniform within continents, probably due to effective dispersal capabilities. Genetic simi- larity among basidiomycete populations within subcontinents has been found in, e.g., Armillaria gallica (Saville et al. 1996) , Fomitopsis pinicola , Amylostereum areolatum (Fr.) Boid., and Amylostereum chailletii (Pers.:Fr.) Boid. , Stereum sanguinolentum (Alb., and Schwein. Fr.) Fr. , Cylindrobasidium evolvens (Fr.) Jülich , and Chondrostereum purpureum (Pers. ex Fr.) Pouzar (Gosselin et al. 1999) . In contrast, in Fomitopsis rosea and Heterobasidion annosum , population subdivisions were found, indicating a more limited ability to disperse. In Phlebiopsis gigantea, a high degree of differentiation was observed between European and North American populations, while little differentiation was observed among European populations (Vainio and Hantula 2000) . Longdistance dispersal over hundreds of kilometres has been demonstrated in Heterobasidion annosum (Kallio 1970) , and the wide distribution observed for most polypores (Ryvarden and Gilbertson 1993) may be indicative of a good ability to disperse. Terms like population or metapopulation (Hanski and Gilpin 1997) , presupposing the existence of discrete entities, can probably not be adequately defined in many woodinhabiting basidiomycetes, at least not in regions where extensive continuous forests occur.
Genotype frequencies consistent with Hardy-Weinberg equilibrium were found in almost all investigated restriction sites for all populations, and in the total material as well, suggesting panmictic conditions. Only the efa locus of the Lammi population showed a genotype distribution inconsistent with Hardy-Weinberg equilibrium due to high heterozygote deficit. All of the five investigated geographic populations were located in similar old-growth coniferous forests. We observed no differences between the five localities, which could explain the observed deviation in the efa locus. The observation may be purely a result of low sample size. In an analysis excluding the Lammi population, the overall F IS value in the efa locus was reduced from 0.10 to 0.05. Thus, the overall heterozygote deficit in the efa locus was largely due to the high heterozygote deficit occurring in the Lammi population. Populations of Fomitopsis pinicola, a highly common polypore in this region, showed consistency with Hardy-Weinberg equilibrium in North European populations , and North American Armillaria gallica populations were not significantly different from Hardy-Weinberg equilibrium (Saville et al. 1996) . In contrast, a deficit of heterozygotes was observed in Fomitopsis rosea, which was attributed to a possible limited (15) from a single log in the Skotjernfjell locality. The three genets, delimited by somatic incompatibility tests, were separated by the nrDNA PCR-RFLP analyses. Isolates of the same genet showed identical ITS/IGS1 PCR-RFLP patterns (2-13; 15, 17, 19, 21, 22; and 20) . All isolates, except isolate 20, showed heterozygosity in one or several restriction sites. The employed restriction enzymes and target sequences are shown to the left. The efa restriction pattern was monomorphic for the three genets (data not shown). M, size markers (X-174 DNA digested with HaeIII). gene flow and local nonrandom mating in this rare species . There are many possible explanations for the observed differences among taxa. For example, species exhibit various distribution patterns in the forest landscape and thus experience different degrees of isolation and possibilities for genetic exchange.
Our data suggest that dispersal and propagation events are a result of recombination and meiospore formation and spread in P. nigrolimitatus. The somatic incompatibility tests between 15 isolates from the Skotjernfjell locality support this view. A clonal population structure would probably have led to deviations from random expectations for genotypic associations, as well as increased probability of compatible somatic pairings between adjacent samples. Frequent self-fertilization (selfing) in populations of P. nigrolimitatus would expectedly generate deviations from panmictic conditions and seems reasonable to exclude as the regular reproductive mode in P. nigrolimitatus. Furthermore, our results suggest that P. nigrolimitatus is a highly outcrossing, heterothallic fungus, as previously suggested (Kauserud and Schumacher 2001) .
Phellinus nigrolimitatus has undoubtedly experienced highly negative impacts from forestry activities during the last centuries (Bader et al. 1995) . Its habitat, consisting of highly decomposed coniferous logs, is becoming more infrequent in today's transformed and fragmented Scandinavian forest landscape. Nevertheless, none of the geographic populations of P. nigrolimitatus was characterized by marked heterozygote deficiencies or inbreeding. The individuals were sampled in old-growth forests with abundant fruit body production, and negative effects of inbreeding due to reduced population size are probably not to be expected in such environments. A potential negative influence from habitat reduction and fragmentation may need more time to develop traceable population genetic effects. It is likely that the abundance of P. nigrolimitatus will continue to decrease as long as its potential habitat diminishes. If the species has a good capacity to disperse, which is suggested by our results, it is likely that the preservation of scattered old-growth forest sites could be sufficient to conserve the gene pool of the species. Additional genetic markers and even larger populations, preferably sampled in areas experiencing different logging regimes, are needed for a better understanding of this matter.
The PCR-RFLP analyses, including six different restriction sites distributed on two loci (nrDNA and efa), produced highly concordant results, emphasizing the reliability of the data. However, the five employed restriction sites in the ITS and IGS1 nrDNA sequences are located in close proximity in the genome and do not evolve independently. The linkage disequilibrium between pairs of nrDNA restriction sites, observed in 50% of the cases, clearly indicates that the nrDNA restriction sites are physically linked. However, some recombination within the nrDNA cistrons has occurred, leading to an accumulation of recombined nrDNA types in the species' gene pool over time. Linkage disequilibrium was nonexistent between the nrDNA markers and efa. In a concurrent study of the polypore Trichaptum abietinum (Dicks.: Fr.) Ryvarden, we observed a tight linkage between the nrDNA spacers ITS1, ITS2, IGS1, and IGS2 and Mendelian segregation during meiosis (data not shown). In the same study, nrDNA and efa markers segregated independently during meiosis. It is reasonable to conclude that the nrDNA markers are inherited as a cluster, while the efa and nrDNA markers are independently inherited and associate freely. The nrDNA restriction sites behave as replicates of the same locus and cannot be treated as independent observations. A better approach would be to find and analyse several independent loci distributed evenly in the whole genome.
High sequence variation was found in ITS and IGS1 (20 and 14 variable sites, respectively). Traditionally, the ITS region yields little intraspecific variation. However, several recent studies have documented high intraspecific ITS sequence variation in some basidiomycete taxa (e.g., Hughes and Petersen 2001; Coetzee et al. 2001) . The ITS and IGS1 sequence data and the occurrence of a variety of PCR-RFLP nrDNA genotypes in P. nigrolimitatus indicate that some intralocus recombination has taken place within the nrDNA locus. While a certain degree of ITS variation apparently occurs at the population level in P. nigrolimitatus, no sequenced homokaryons yielded double ITS or IGS1 sequences, suggesting strong intragenomic (intrakaryotic) homogenization within the nrDNA repeat family. The high ITS/IGS1 variation may indicate that P. nigrolimitatus is an old taxon in which various nrDNA mutations have had time to accumulate and that the species has not undergone recent bottlenecks. The distribution of sequence polymorphisms in the partial efa sequence indicates that intralocus recombination has also occurred. The efa locus is presently not commonly used in population genetic analyses, although a suitable level of intraspecies variation has been observed in some taxa, e.g., Sclerotinia sclerotiorum (Lib.) de Bary (Carbone et al. 1999 ).
In the small-scale study of genets on single logs, the somatic incompatibility reactions and PCR-RFLPs produced congruent results. Unique PCR-RFLP fingerprints distinguished all 10 genets, beforehand defined by somatic incompatibility reactions, and all isolates of a specific genet had the same PCR-RFLP pattern. Although P. nigrolimitatus is a rather infrequent fungus in Fennoscandia, the results demonstrate that many genets may coexist in the same piece of substrate. The coexistence of genets in the same substrate, which may suggest intraspecific competition for space and nutrients, has been demonstrated in several wood-inhabiting fungi, e.g., Phellinus tremula (Bond.) Bond., and Borisov (Holmer et al. 1994) , Pleurotus ostreatus (Jacq. ex Fr.) Kummer (Kay and Vilgalys 1992) , and Heterobasidion annosum (Garbelotto et al. 1999) .
Nine out of 10 genets that occupied the three logs produced basidiocarps. It must be kept in mind, however, that the logs were selected specifically because they harboured P. nigrolimitatus basidiocarps. Thus, the real fructification rate may be lower. There is also a possibility that small vegetative genets may have escaped our sampling, and this is suggested by the accumulation curves (Fig. 7) . Five of the genets produced more than one basidiocarp, which may imply that genets are regularly allocating resources to sporocarp formation. Nine out of 10 genets were heterozygous in one or several restriction sites, suggesting that field isolates of P. nigrolimitatus predominantly exist in a heterokaryotic condition in nature. This is in contrast with the finding of a high abundance of homokaryotic mycelia, in addition to he-terokaryotic mycelia, in the root pathogen Heterobasidion annosum (Garbelotto et al. 1999) .
